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Abstract

BACKGROUND: Irrigation water is known to be one of the
major sources of bacterial contamination in agricultural
products. In addition, anti-microbial resistance (AMR)
bacteria in food products possess serious threat to humans.
This study was aimed at investigating the prevalence of
foodborne bacteria in irrigation water and evaluating their
anti-microbial susceptibility.

METHODS AND RESULTS: Surface water (n = 66 sites)
and groundwater (n =40 sites) samples were collected from
the Gyeongi and Gangwon provinces of South Korea during
April, July, and October 2019. To evaluate the safety of
water, fecal indicators (Escherichia coli) and foodborne
pathogens (E. coli O157:H7, Salmonella spp., and Listeria
monocytogenes) were examined. E. coli isolates from water
were further tested for antimicrobial susceptibility using
VITEK2 system. Overall, detection rate of foodborne
pathogens in July was highest among three months. The
prevalence of pathogenic E. coli (24%), Salmonella (3%),
and L. monocytogenes (3%) was higher in surface water,
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while only one ground water site was contained with
pathogenic E. coli (2.5%). Of the 343 E. coliisolates, 22.7%
isolates were resistant to one or more antimicrobials
(ampicillin (18.7%), trimethoprim-sulfamethoxazole (7.0%),
and ciprofloxacin (6.7%)).

CONCLUSION: To enhance the safety of agricultural
products, it is necessary to frequently monitor the microbial
quality of water.

Key words: Antimicrobial Resistance, Groundwater, Human
Pathogenic Bacteria, Microbiological Quality, Surface
Water
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Fig. 1. Geographical sampling sites of Gyeonggi and Gangwon province, Republic of Korea.
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2554+ Escherichia coli O157:H7 (E. coli O157:H7),
Salmonella, Listeria monocytogenes (L. monocytogenes)
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Fig. 2. Geographical detection sites of E coli and pathogenic E. coli.

Table 1. Prevalence of E. coli and pathogenic E coli in agricultural water in Gyeonggi and Gangwon provinces in

Republic of Korea

(unit: No. of detection site/ No. of sampling site(%))

April July October
SW* GW* SW GW SW GW
. 8/32 2/20 31/32 4/20 22/32 .
. £ ool (25%) 10%)  ©69%) (0% (e8s%) A
Gyeonggl 2/32 7/32 2/32
Pathogenic E. coli (63%) N.D. (21.9%) N.D. 6.3%) N.A.
. 6/34 20/34 3/20 28/34
£ coli (17.6%) ND. (58.8%) (15%) (82.4%) NA.
Gangwon 1/20 4/34
Pathogenic E. coli N.D. N.D. N.D. 5%) (11.8%) N.A.

*SW=Stream Water, GW= Groundwater, N.D.= not detected, N.A.= not analyzed

October

o
Listeria spp.
isteria monocytogenes

Gyeonggi

@ Listeriaspp. T @ Listeriaspp.

AT T

Gangwon

Fig. 3. Geographical detection sites of Listeria spp. and L. monocytogenes.
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Table 2. Prevalence of Listeria spp. and L. monocytogenes in agricultural water in Gyeonggi and Gangwon provinces

in Republic of Korea

(unit: No. of detection site/ No. of sampling site(%))

April July October

SW* GW* SW GW SW GW
L 12/34 1/20 14/34 * 9/34 X
Gyeonggi Listeria spp. (35.3%) (5%) (412%) N.D. (26.5%) N.A.
L. monocytogenes N.D. N.D. N.D. N.D. N.D. N.A.

L 9/32 1/20 28/32 9/32
Listeria spp. (28.1%) (5%) (87.5%) N.D. (28.1%) N.A.

Gangwon 3/32

L. monocytogenes N.D. N.D. (9.4%) N.D. N.D. N.A.

*SW=Stream Water, GW= Groundwater, N.D.= not detected,

N.A.= not analyzed

Table 3. Prevalence of Salmonella in agricultural water in Gyeonggi and Gangwon provinces in Republic of Korea
(unit: No. of detection site/ No. of sampling site(%))

April July October
SW* GW* SW GW SW GW
Gyeonggi N.D.* N.D. N.D. N.D. N.D. N.A*
Gangwon (;/92;,:) N.D. (;/93;,:) N.D. N.D. N.A.

*SW=Stream Water, GW= Groundwater, N.D.= not detected,
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Fig. 4. Heat-map showing distribution of antimicrobial resistance E. coli isolated from agriculture water.
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Table 4. Prevalence of antimicrobial resistance in E. colf isolates from agriculture water in Gyeonggi and Gangwon

provinces in Republic of Korea

(Unit: %)
Site Season n T™P/
AMP AMC TZP CFZ FOX CIX CAZ FEP ATM GEN C(IP SMX
R* 65 43 ND* 43 2.2 22 ND. ND. ND. 22 65 N.D.
Apr. 46
I ND. 22 ND* ND. ND. ND. ND. ND. 22 ND. ND ND.
R 197 33 3.3 5.7 0.8 4.1 08 ND. 08 8.2 9 9
Gyeonggi  Jul. 122
[ 0.8 25 ND. ND. 08 0.8 16 ND. 25 ND. ND. ND.
R 289 ND. ND. 105 ND. 79 ND. ND. ND. 79 79 184
Oct. 38
[ ND. 79 ND. ND. ND 26 ND ND ND. ND ND ND.
R 12 4 4 4 4 N.D. ND. ND. ND. ND. 4 4
Apr. 25
[ 16 8 N.D. ND. ND. ND. ND. ND. ND. ND. ND. ND.
R 98 ND. ND. 33 ND. ND. ND. ND. ND. ND. 49 1.6
Gangwon  Jul. 61
I 3.3 33 ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
R 78 ND. ND. ND. ND. ND. ND. 2 N.D. 2 5.9 5.9
Oct. 51
I 5.9 2 N.D. ND. ND. ND. ND. ND. ND. ND. ND. N.D.
R 149 2 1.5 4.7 0.9 2.6 0.3 0.3 0.3 44 7 6.7
Total 343
[ 2.9 35 ND. ND. 03 0.6 06 ND. 12 ND. ND. NUD.

*N.D. = Not detected, R = Resistant, I = Intermediate
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Table 5. Antimicrobial resistant pattern of E. coli isolates from agriculture water

Multi-resistant pattern Antimicrobial resistant pattern n (%)
AMP 20 (25.6)

_ AMC 2 (2.6)
A 7 00
TMP/SMX 2 (2.6)

FEP 1 (1.3)

AMP-AMC 4 (5.1)

Resistance 2 AMP-CIP 3 (3.8)
CLSI subclasses AMP-TMP /SMX 5 (6.4)
AMP-AMC-TZP 3 (3.8)

AMP-AMC-TMP/SMX 2 (2.6)

. AMP-FOX-GEN 1 (1.3)
C{{;Isfff&izsses AMP-GEN-TMP/SMX 4 (5.1)
AMP-CIP-TMP/SMX 3 (3.8)

GEN-CIP- TMP/SMX 2 (2.6)

AMP-AMC-CFZ-FOX 1 (1.3)

AMP-AMC-CFZ-CIP 2 (2.6)

AMP-AMC-GEN-TMP /SMX 1 (1.3)

AMP-AMC-GEN-CIP 1 (1.3)

. AMP-GEN-CIP-TMP / SMX 1 (1.3)
C{{Sflsifl?ci:sges AMP-CFZ-CTX-ATM 1(1.3)
AMP-CFZ-GEN-CIP 1 (1.3)

AMP-CFZ-CTX-TMP /SMX 1 (1.3)

AMP-CFZ-CTX-GEN 1 (1.3)

AMP-CFZ-CTX-CIP 1 (1.3)

AMP-AMC-TZP-CFZ-FOX 1 (1.3)

AMP-AMC-CFZ-CTX-CIP 1 (1.3)

Resistance 5 AMP-CFZ-CTX-ATM-CIP 1 (1.3)
CLSI subclasses AMP-CFZ-CTX-GEN-TMP /SMX 1 (1.3)
AMP-CFZ-CTX-CIP-TMP/SMX 1 (1.3)

Resistance 7 AMP-CFZ-CTX-CAZ-ATM-GEN-TMP/SMX 2 (2.6)
CLSI subclasses AMP-AMC-TZP-CFZ-FOX-CTX-CAZ-ATM 1 (1.3)
Total 78 (100)

7} st ol gl @Al wisl WA

B g F Y

e Zb= A7) A WA 78T F 20T5(25.6%) E

S po
A ampicillin Al digh W8S 2= 7571 18.7% 7P wekan, 271 ol Al Wde Bl Aee

(64/343)% 7V W3k, 229587 ciprofloxacin 48

AMP-TMP/SMX 53546.4%), AMP-AMC 47(5.1%),

Aol WS 2h= 7.0% (24/343), 71ERE+2] trimethoprim-
sulfamethoxazole 3371l WS 2= 6.7% (23/343), Al
IEQ ceftazidime FAN WS 2= 4.7% (16/343)
o7 & A WEES Boitk 7RbAl 234191
ertapenem?} imipenem, °}v|:=ZE|FAL|EA FAYARA
amikacin¥} HEZA o] ZA AR tigecycline o= &
© #7F Ao UeitiFig. 4). 38A WHRE
Table 59 2t 55 3170 uldsdo] #2=Qla 11 &
171 @A AAE el A9-ol= ampicillinell A%

AMC-GEN-TMP/SMX 47F(5.1%) +2.2 Hl5o] =7
Yehdth gAUAd 2 CLSI subclass 7]52.2 H3HS uj
27182 A WS Bl #FE 159(19%), 371
1275(15%), 4715 12985F(15%), 5A1% 475055%), 741%
3uTH(4%)E e

A g 1w A7|A el EElE tidt 2063t &
A WIS e TS 4997(23.8%) %L, A
o] A9 w28 tiF+t 13775 F udol 2977 (21.1%)
Ak A AU v A71X oA w2l E YA
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Wt 4945 5 387(77.6%), FLAHoIA elE A

Al Wt 2975 T 87 T(27.6%) 2 FAMHLE 2ok 7

71X o] A AR} A AT BETEE 49 B
o

AGERE 49 ¥ ¢F 760 T 1687(21.1%), 72
we] I 1833 38915(20.8%), 109 we] ¥ 897F
& 24715(27.0%)7F A Watol ik v ]
< 49 T A W 168 T 9856.3%), 78
YA Wt 381F T 251 (65.8%), 104 el &
9Tt 249 T 1295(50%) 3. Lok 1040]
gl G8A WA vlEe] 7 =3kaL, oAl
o W& 7800 7P = UEhsiT
A Wt bt 7h5e) s Fel A
A 7 W ABRshs @AY e 81 Wl 9
3 FelEISlE o Slt14,15]. webr] @A8A] o] wet
T A AR, ]l 580 ol wet gekd
ek =l FAAl TS B 2018\ 715 penicillin 7l
A7} tetracycline A9 A7} 242 ©F 259+, oF 249E0.
= 7P wol sl slow AR =7FAEA ARS- B
A EUEIE B4, 2018). & A31elA= ampicillin (AMP),
ciprofloxacin  (CIP), trimethoprim-sulfamethoxazole
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